generally offered free screening colonoscopy or fecal tests to lowincome people who were uninsured or underinsured. In an interim analysis of CRCCP, we assessed differences in costs of clinical and nonclinical screening incurred by CRCCP grantees during the first 3 years of the program and found that the cost of screening and diagnostic services per person served was $1,150 for colonoscopy programs and $304 for FIT/FOBT-based programs (1). Overall, FOBT/FIT-based programs and colonoscopy programs incurred substantial nonclinical costs per person served ($1,018 for colonoscopy and $980 for FIT/FOBT). Examples of nonclinical costs were managing contracts with providers and program management. These findings indicated that although the clinical cost of colonoscopy programs was higher than the clinical cost of FOBT/FIT programs, the cost of nonclinical services required to manage the programs and deliver the screenings was similar.
Our study expands on this prior analysis by evaluating cost over the 5-year period of the program and potential economies of scale in program implementation by assessing factors affecting the cost of screening provision. The large sample size available for analysis allowed us to perform multivariate analysis to evaluate the effect of large versus small programs on clinical and nonclinical costs, controlling for factors such as geographic location and type of screening test used. Prior research involving other screening programs indicated that these programs have high fixed costs (2-4). We theorized that programs that screen a large number of people may have a lower cost per-person than programs that screen a smaller number, which could have important implications for program planning and implementation.
Methods

Data collection
We developed a web-based cost assessment tool, the CRCCP Cost Assessment Tool (CRCCP-CAT), to collect information from CRCCP grantees on their program activities and expenditures. CRCCP-CAT is based on established methods for collecting cost data (5-8); a previously published article and a companion article in this collection describe the development and testing of CRCCP-CAT (9, 10) . For the CRCCP analyses, we collected data from each of the 29 CRCCP grantees. The grantees completed the webbased CAT annually, on the basis of program year, for a 5-year period beginning in July 2009 and ending in June 2014.
We collected cost information on the following: program funding source (CDC; other federal, nonfederal, state, or in-kind) and budget categories (staff salaries, contract expenditures, purchases of materials and equipment, and administration or overhead costs). Program staff members allocated these costs to screening activities, promotion activities, and overall program activities such as program management, partnership development, and administration. Promotion costs are discussed in a companion article in this collection (11) . On the basis of the data provided in CRCCP-CAT, we allocated proportions of staff salary (based on number of hours and percentage of time worked) to specific activities. We then aggregated data on labor costs, nonlabor costs, and in-kind contributions for each activity for each grantee by year. Summaries of these data were sent to grantees annually for their review and approval.
The total sample size available for analysis was 124 program years over the 5-year period. We created a panel data set, which included each year of the program as 1 entry, and we reported our sample size in program years. Massachusetts (all years) and the Alaska Native Tribal Health Commission (all years) were excluded from the analyses because we were unable to disaggregate the clinical and nonclinical costs from contract payments in sufficient detail. Alabama, California, Iowa, New Mexico, and Oregon were all excluded in year 1 because they had not yet begun activities; Georgia, Michigan, and Nevada were not included in year 1 because they had not yet begun CRCCP. Georgia was also excluded from year 2 and Oregon from years 2 and 3 because their screening activities had not yet commenced during those years.
Descriptive analyses
We stratified the programs by type of screening test used: colonoscopy, FOBT/FIT, and programs that used both tests. Fecal tests that include FOBT and FIT were offered as screening tests, and colonoscopy was offered as screening and for follow-up diagnostic procedures. Programs with both tests offered both fecal tests and colonoscopy for colorectal cancer screening. Some programs also offered surveillance colonoscopies, and these were reported separately from screening colonoscopies.
We identified key characteristics of the program, including the region and number of people served by the program, which was categorized as large (>500), medium (235-500), and small (<235) on the basis of the distribution of the underlying data. We also reported screening and diagnostic procedures for each type of program, including number of people who were screened or received surveillance colonoscopies, number of diagnostic procedures, and number of people identified with polyps. Use rates for the procedures were derived from information provided in CRCCP-CAT and from CRC clinical data elements that were collected from all programs by CDC (Office of Management and Budget [OMB] control no. 0920-0745).
We stratified cost information by the following activities: 1) direct clinical activities, such as provision of screening tests, diagnostic services, and surveillance procedures; 2) direct nonclinic-PREVENTING CHRONIC DISEASE VOLUME 16, E50 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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al activities, such as managing provider contracts and billing systems and providing patient navigation and patient support services; and 3) indirect nonclinical overarching activities, such as program management and administration (Box). We calculated the cost per person aggregated across all program years and the cost for each program year to examine patterns across the 5-year period. We estimated adjusted costs (multivariate regression controlling for region, size of population served, and type of screening test) for total cost per person for direct clinical costs, direct nonclinical costs, and indirect costs. We estimated the average incremental effect on cost of each explanatory variable as the difference from one of the exponentiated coefficients and multiplying by the mean of the variable. Cost data were adjusted for regional differences by using the Bureau of Labor Statistics' Employment Cost Index.
Multivariable regression specification
We used multivariate analysis to assess the effect of volume of people screened on cost per person. We examined the total cost per person served by 3 cost components: total direct clinical cost, total direct nonclinical cost, and total indirect cost (12) (13) (14) . Results of a Hausman test indicated that a fixed effects model was not appropriate for this panel data and that a mixed effects model should be used (15) . We used a generalized linear model (GLM) with log link and specified a gamma distribution. We included data for years 2 to 5 in the regression estimation. We excluded year 1 because this was the start-up period, anticipating that costs for this year would differ from other program years.
GLM with log link allowed us to exponentiate the coefficient estimates without the need for a retransformation as is required when estimating a log-linear model. Regression results were tabulated in terms of the incremental effect on average cost. We used the Stata statistical package, version 14.0 (StataCorp LLC) to conduct all regression analyses and statistical tests of the model.
Results
Overall, 44.4% (55 of 124) of the programs assessed used colonoscopy as the primary screening test; 31.5% (n = 39) used FOBT/ FIT, and 24.2% (n = 30) used both tests (Table 1) . Of the programs that offered colonoscopy as the primary screening test, the greatest percentage (36.4%; n = 20) was in the Northeast, whereas of the 39 programs that offered FOBT/FIT as the primary screening test, most (61.5%; n = 24) were in the West. Forty-three percent (13 of 30) of the programs offering both tests were also located in the West. Programs offering FOBT/FIT and both types of tests were more likely to serve a large population (FOBT/FIT, 46.2% [18 of 39]; both tests, 63.3% [19 of 30]) than colonoscopy programs (10.9% [6 of 55] ). On average, grantees using both tests screened 2,152 people over the 5-year period, followed by grantees using FOBT/FIT (683 people)) and grantees using colonoscopy (254 people). We also assessed program testing method by program characteristics (Table 2) .
Overall, total cost per person decreased from year 1 ($3,962) to year 5 ($1,841); average cost across years 2,3,4, and 5 was $1,714. On average, the cost per person was highest in year 1 for each component. For example, in year 1, direct clinical cost per person was $1,068, decreasing in year 2 to $793, and remaining similar over the remaining years ( Figure) . Overall, the cost per person was high in year 1 compared with years 2 through year 5 for each component. Cost per person by type of screening test varied significantly across the 3 test types (Table 3) . On average, screening tests cost $2,060 per person, ranging from $1,057 for both tests to $3,153 for colonoscopy. All components were, on average, most expensive for colonoscopy programs; total costs per person were $1,369 for direct clinical costs, $863 for nonclinical costs, and $921 for indirect costs. By comparison, total cost per person for FOBT/FIT were $280 for direct clinical costs, $375 for direct nonclinical costs, and $636 for indirect costs. Total per person costs for both tests were $411 for direct clinical costs, $173 for direct nonclinical cost was, and $473 for indirect cost.
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Examining the estimates for adjusted total cost per person, we found that programs using colonoscopy screening had an average $1,104 higher total cost per person served compared with programs using FOBT/FIT tests in years 2 through 5 (Table 4) . Increased size of the population served lowered total cost significantly; in years 2 through 5, average costs for programs with medium populations were $899 lower than programs with small populations served, and programs with large populations were $1,313 lower.
The total number of people screened had some effect on the direct clinical cost per person; programs with large populations screened had $292 lower costs than programs with small populations screened. Colonoscopy programs had a higher direct clinical cost than FOBT/FIT programs ($2,365 higher).
Our estimates for total direct nonclinical cost per person served show that type of screening test did not affect direct nonclinical costs (Table 4 ). Similar to total costs, costs for programs with large populations served were $352 lower than programs with small populations served, whereas costs for programs with medium populations served were $270 lower.
We also found that total indirect cost per person served was significantly lower among programs with larger populations served ( Table 4 ). The average indirect cost per person served was $467 lower among programs with a large population served and $320 lower among programs with a medium population served, compared with programs with a small population served. Region also significantly affected these costs. Programs in the Northeast had an average $179 lower indirect cost per person served than programs in the South.
Discussion
We compared the clinical and nonclinical costs across program years among CRCCP grantees offering colonoscopy, FOBT/FIT, or both tests for CRC screening. Our findings expand on our prior analysis and use 5 years of data to quantify the presence of economies of scale -programs that screen a larger number of people had lower cost per person than programs that screen a smaller number of people. After controlling for type of screening test, programs serving large and medium-size populations had per-person costs that were about $1,300 and $900 lower, respectively, than programs serving small populations.
Another key finding from our study was that public health-led CRCCP programs incurred substantial nonclinical costs. These costs are important to consider when planning future programs. On average, these costs were lower for programs with large patient volumes than for programs with small patient volumes. These findings indicate that substantial fixed costs are associated with nonclinical activities. These results are further evidence that economies of scale exist in CRC screening programs, as reported in other studies (2-4).
Analysis of patterns in cost per person indicated differences in cost between the first year and subsequent years of the program. The average cost per person served in the first year was twice that of the other years. This higher cost in the first year likely reflects start-up costs incurred by the programs while planning and beginning implementation. Furthermore, the number of people screened was generally lower in the first year. Any nonclinical costs incurred in the first year would have to be distributed across a much smaller cohort. High start-up costs in the initial years of the program were also reported in other studies (3,16,17), suggesting that first-year costs should perhaps be analyzed separately and not pooled with costs incurred in subsequent program years.
Additionally, we identified some differences across programs related to type of screening test used. The clinical cost of colonoscopy was almost 5 times the cost of FOBT/FIT per person when screening and diagnostic follow-up tests were included. Therefore, programs that use colonoscopy will only be able to screen about PREVENTING CHRONIC DISEASE VOLUME 16, E50
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one-fifth the number of people that FOBT/FIT programs can for the same level of funding in the initial years of the program. This cost would only affect the number of people screened in the short term because colonoscopy is recommended every 10 years for those at average risk and with normal results, whereas FOBT/FIT is recommended to be performed annually. The clinical costs over a 10-year period for colonoscopy and FOBT/FIT may not be substantially different. We did not find any consistent evidence of variation in indirect costs and direct nonclinical costs by type of screening test used. FOBT/FIT tests were the preferred approach when the primary goal was to offer first-time screening to a large cohort over a short period; we did not study FOBT/FIT with repeated testing. Future studies could assess additional program costs that may be incurred, to ensure adherence with colorectal cancer screening recommendations over the long term. Furthermore, we found some regional and screening test-related differences in indirect costs; future studies could explore whether these findings are replicated in other settings and the possible reasons for these differences.
The strength of the present cost analysis is that we were able to perform high-quality analysis by collecting and quantifying resources and using consistent definitions for program activities. Furthermore, we collected data across 5 years from multiple programs to yield a substantial panel data set of 124 program years. These cost data were consistently collected over a longer period than any other federally supported screening program and allowed for multivariate analysis, controlling for some determinants of potential variation across the programs.
Our analysis has several potential limitations. First, we used program year to assess potential year-to-year variation, but programs generally operate on a continuous basis. Therefore, screening tests could be performed in one year, while diagnostic follow-up and treatment, if required, could be provided in the following year. As a result, classification of costs and number screened in specific periods are not always an accurate reflection of program activities. Second, the study does not account for cost per patient over an extended period to compare the long-term cost of colonoscopy versus FOBT/FIT-based programs. We only report cost for the first testing period (screening and diagnostic tests required), and our estimates do not provide the overall cost of FIT/FOBT and colonoscopy programs. Third, there could be variation across programs by type of screening test used (eg, colonoscopy vs FOBT/ FIT). This variation could influence the costs reported and may not have been adequately controlled in our analysis. Future research could systematically assess the factors that can lead to cost differences of activities by type of screening test selected.
Our analysis of the activity-based cost data across 5 years of the CRCCP reveals potential economies of scale: programs with larger screening volume incurred a lower cost per person served than smaller-volume programs. Therefore, encouraging partnerships to foster large-scale programs could be more efficient than funding multiple small screening programs. Additionally, CRC screening programs incur substantial nonclinical costs, regardless of type of test the program offers. Future CRC control programs might consider both these clinical and nonclinical costs when planning program implementation and evaluating program cost-effectiveness. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. 
